The Higgs boson of 125 GeV requires large stop masses, leading to the large µ-parameter in most cases of gauge mediation. On the other hand, the explanation for the muon g − 2 anomaly needs small slepton and neutralino/chargino masses. Such disparity in masses may be obtained from a mass splitting of colored and non-colored messenger fields. However, even if the required small slepton and neutralino/chargino masses are realized, all parameter regions consistent with the muon g − 2 are excluded by the recent updated ATLAS result on the wino search in the case that the messenger fields are in 5 +5 representations of SU (5). It is also revealed that the messenger fields in 10 + 10 or 24 representation can not explain the muon g − 2 anomaly. We show, giving a simple example model, that the above confliction is solved if there is an additional contribution to the Higgs soft mass which makes the µ-parameter small. We also show that the required Higgs B-term for the electroweak symmetry breaking is consistently generated by radiative corrections from gaugino loops.
Introduction
The anomalous magnetic moment of the muon (muon g − 2) was precisely measured by the Brookhaven E821 experiment [1, 2] . The measured value deviates from the standard model (SM) prediction as [3] (a µ ) exp − (a µ ) SM = (26.1 ± 8.0) × 10 −10 ,
which is at more than 3σ level. Also, Davier et al. has reported a deviation of 3.6σ level [4, 5] . This anomaly might be a signal of the physics beyond the SM. One of the attractive explanations for the muon g −2 anomaly is given by supersymmetry (SUSY). In the minimal SUSY extension of the SM (MSSM), the anomaly of the muon g − 2 is explained with light sleptons, neutralino and/or chargino of O(100) GeV [6] [7] [8] .
Such a low-scale SUSY is, in general, very severely constrained by flavor changing neutralcurrent processes because of the lightness of the sleptons. This fact motivates us to consider SUSY breaking mediation models where soft SUSY breaking masses arise in a flavor independent way. In gauge mediated SUSY breaking (GMSB) scenarios [9] [10] [11] (for early attempts [12] [13] [14] [15] [16] ), the SUSY breaking of the hidden sector is mediated to the visible sector via gauge interactions, and the generated soft masses are flavor independent; therefore, GMSB models are attractive candidates for the low-scale SUSY.
In most GMSB models, the Higgs boson mass of 125 GeV requires heavy stops of masses ∼10 TeV [17] [18] [19] [20] [21] , due to the smallness of trilinear couplings of the stops. With the heavy stops, the higgsino mass parameter, µ, should be taken as large as several TeV for generating the correct electroweak symmetry breaking (EWSB). In these cases, the chargino contribution to the muon g − 2 is suppressed and the explanation of the muon g − 2 anomaly requires the quite light sleptons, bino and wino.
1 The mass splitting of the colored (squarks and a gluino) and non-colored SUSY particles (sleptons, neutralinos and charginos) may be realized from a mass splitting of colored and non-colored messenger fields [22] [23] [24] [25] . However, the lightest neturalino/chargino is almost purely wino-like for the large µ-parameter, and its mass is predicted below 400 GeV. This wino has been excluded by the recent updated ATLAS result on the wino search [26] : the wino should be heavier than 430 GeV. This confliction can be avoided in the case of an adjoint messenger transforming as 24 in SU (5) gauge group. We will show that this case is, however, also excluded since the stau is too light and long-lived (see [27, 28] for the LHC bounds). So far, in the cases that the messenger fields are in 5 +5, 10 + 10 or 24 representation of SU (5), the muon g − 2 anomaly can not be explained without an extension.
The above problem originates from the large µ-parameter. However, the µ-parameter can be taken small as several hundred GeV if we have an additional source to the Higgs soft masses [23] . In this letter, we show that the muon g − 2 anomaly can be easily explained in a simple model where we have additional Higgs soft masses.
2 Muon g − 2 in gauge mediation
Preliminaries
In this subsection, we show that it is impossible to explain the muon g − 2 consistently with the updated result of the LHC wino search without an additional Higgs soft mass. The dif-ficulty originates from the fact that µ-parameter must be large due to the heavy stops. The lightest neutralino/chargino is purely wino-like. This is because the tree-level mass splitting between charged and neutral winos is highly suppressed for large µ and large tan β [29] and the mass splitting dominantly come from radiative corrections [30] [31] [32] [33] . Here, tan β is the ratio of the vacuum expectation value of the up-type Higgs to that of the down-type Higgs, tan β = H u / H d . In the following, we consider GMSB models with 5 +5, 10 + 10 and 24 messenger fields.
First, we consider the gauge mediation model with messenger fields which form a pair of 5 and5 representation of SU (5) GUT gauge group. The superpotential is wino should be heavier than 430 GeV. Another difficulty is that ΨD has a hypercharge of 1/3, which prevents the sleptons from being sufficiently light.
Moreover, the large µ tan β is problematic, since it in turn generates the large left-right mixing of the staus: when the left-right mixing is large, the stau-Higgs potential has a charge breaking minimum which can be deeper than the EWSB minimum. Requiring that the life-time of the EWSB minimum be longer than the age of the universe, we have an upper-bound on µ tan β as [35] 
where m L 3 (mĒ 3 ) is a mass of a left-handed (right-handed) stau. Since m L 3 and mĒ 3 need to be smaller than ∼500 GeV, this leads to the tension between the stability of the charge conserving EWSB minimum and the solution to the muon g − 2 anomaly. In Fig. 1 , we show the contours of the Higgs boson mass and the SUSY contribution to the muon g − 2. Mass spectra of SUSY particles are calculated using SOFTSUSY 3.7.4 [36] with appropriate modifications; the Higgs boson mass and the SUSY contribution to the muon g − 2 are computed using FeynHiggs 2.13.0 [37] [38] [39] [40] [41] . The messenger scales are taken to be M L = M D = 1500 TeV. In the orange (yellow) regions, the muon g − 2 is explained at 1σ (2σ) level (see Eq. (1)). The regions above red dotted lines are excluded, since the constraint in Eq. (7) is not satisfied. In the blue shaded regions, the wino, m χ ± 1 /χ 0 1 < 430 GeV, which is the excluded region given by the recent LHC wino search [26] . By combining the LHC results and the vacuum stability constraint, it can be seen that there is no region consistent with the muon g − 2 at 2σ level. For a larger messenger scale, it is more difficult to explain the muon g − 2 as shown in Fig. 2 . This is because the sleptons become heavier for the fixed neutralino/chargino mass due to radiative corrections from gaugino loops. In Fig. 2 , the messenger scale is taken as
13 GeV. It can be seen that the SUSY contribution to the muon g − 2 decreases compared to the case of the low messenger scale. The situation is not improved in the case of 10 and 10 messengers.
The superpotential in the case with 10+10 messenger fields is given by
where Ψ Q , ΨŪ and ΨĒ are transformed as (3, 2, 1/6), (3, 1, −2/3) and (1,1,1) under the SM gauge group, respectively. The soft SUSY breaking masses are generated as
where
. In this GMSB model, the heavy squarks can be obtained by considering large Λ U Λ E ; however, Ψ U messenger has a hypercharge larger than that of ΨD in the previous case. Thus, the sleptons are heavier compared with in the 5 +5 messenger case for the fixed stop mass and it is not possible to explain the muon g − 2 anomaly.
Finally, let us consider the gauge mediation model with the adjoint messengers, which are in a 24 representation of SU (5) GUT gauge group. The superpotential is given by
where Σ 8 , Σ 3 , X andX are transformed as (8,1,0), (1,3,0), (3,2,−5/6) and (3,2,5/6) under the SM gauge group. By integrating out the messenger fields, the soft SUSY breaking masses are obtained as
In this gauge mediation model, the squarks can be easily made heavier than the sleptons by taking Λ 8 Λ 3 , Λ X . This feature is favored for the explanation of the muon g − 2. However, the model has a serious problem as shown below.
In this GMSB model, only X andX messenger fields contribute to the bino mass and righthanded slepton masses since Σ 8 and Σ 3 do not have hypercharges. At the messenger scale, the bino and right-handed slepton masses satisfy the relation,
where mĒ is a mass of a right handed slepton; therefore, the right-handed sleptons are lighter than the bino for a small messenger scale. Especially, the stau becomes light ( 200 GeV) and the next-to-the lightest SUSY particle (NLSP) in the region where the muon g − 2 is explained [23] . This stau is long-lived and excluded by the LHC SUSY search [27, 28] . (Here, the wino is slightly heavier than bino at the weak scale even for k T = 0.) In Figs. 3 and 4 , the contours of the Higgs boson mass and the SUSY contributions to the muon g−2 are shown in the case of 24 messenger. In Fig. 3 (4) , the messenger scale is taken as M O = M T = M X = 10 6 GeV (10 10 GeV) with different values of tan β: tan β = 10 (left panels) and 25 (right panels). The gray regions are excluded since the mass of the NLSP stau is smaller than 360 GeV, which is excluded even if only direct production of the stau is considered [28] . Also, the regions below the red dotted lines are excluded due to the vacuum stability constraint in Eq. (7). It is shown that the SUSY contribution does not reach 10 −9 due to the LHC constraint and vacuum stability constraint.
For a large messenger scale, there is a region where the stau is heavier than bino. However, the sleptons are not sufficiently light to explain the muon g − 2 anomaly. This is shown in Fig. 5 . In the figure, the messenger scale is taken to be
14 GeV. On the left (right) panel, tan β = 10 (25). In the regions below the blue dashed-dotted lines, the stau is NLSP and long-lived. The gray regions and the regions below the red dotted lines are excluded due to the LHC constraint and the vacuum stability constraint, respectively. In this region, the muon g − 2 anomaly can not be explained. On the other hand, in the regions above the blue dashed-dotted lines, the stau is heavier than the lightest neutralino. However, the SUSY contribution to the muon g − 2 is smaller than 10 −9 . So far, in the case of the large µ-parameter, the bino contribution to the muon g − 2 is dominant. In this case, both of the left-handed and right-handed sleptons should be very light as ∼100 -500 GeV. The wino mass should be also small, since the large wino mass makes the however, the stau is light as 200 GeV and long-lived, which is also excluded.
2
The above difficulty is solved if there is a mechanism to make the µ-term small. This is achieved with the additional Higgs soft mass for H u . In the small µ case, the chargino contribution to the muon g − 2 becomes sufficiently large. Then, the sleptons and wino can be heavier than in the cases of the large µ parameter. As a result, the muon g − 2 anomaly is explained consistently with the latest LHC results.
A model with additional Higgs soft masses
Let us consider a simple example which provides the additional Higgs soft masses, m . We consider the following superpotential [23] (see also [42] )
with the minimal Kähler potential,
After integrating out X, Y fields, we have additional Higgs soft masses:
Here, µ, B µ and A-terms are not generated. Note that Z is stabilized at the origin with the Kahler potential which is induced at the one-loop level; therefore, Z = 0 is justified. Now we can make the µ-parameter small as shown in [23] . Then, the chargino contribution to the muon g − 2 can be sufficiently large, which allows the sleptons to be heavier than in the case of the large µ-parameter.
In Fig. 6 , the contours of the Higgs mass and the SUSY contribution to the muon g − 2 on m [43] ). In the whole regions, the wino mass is larger than 430 GeV, although the smaller mass can be allowed for small µ-parameter due to a mixing between the wino and higgsinos. The black dashed lines show the Higgs boson masses in units of GeV. In the orange (yellow) regions, the muon g − 2 anomaly is explained at 1σ (2σ) level. The regions above the red dotted lines are excluded, since the charge breaking minimum of the stau-Higgs potential is problematic. Note that on the green solid lines, the Higgs B-term vanishes at the messenger scale. Thus, we do not need an additional mechanism to generate the B-term.
Finally, we show mass spectra and the SUSY contribution to the muon g − 2, δa µ , at some example points in our model in Table 1 . In these model points, the Higgs B-term vanishes at the messenger scale, i.e., the values of tan β are predictions. The Higgs boson masses are evaluated using FeynHiggs. Here, µ-parameter is small as 200 -500 GeV. On the point I, the 
Conclusion
We have shown that the muon g − 2 anomaly can not be explained without an additional Higgs soft mass in the GMSB models where the messenger fields are in 5 +5, 10 + 10 or 24 representation of SU (5). The difficulty originates from the large µ-term, which is a consequence of the large stop masses required for the Higgs boson of 125 GeV. With the large µ-parameter, the chargino contribution to the muon g − 2 is suppressed and the sleptons, bino and wino need to be particularly light. Consequently, the required mass splitting between colored and non-colored SUSY particles becomes large. Even if one can achieve the mass splitting, the regions consistent with the muon g − 2 are excluded by the updated result of the ATLAS wino search. It has been shown that the problem is solved if there is an additional Higgs soft mass making the predicted µ-parameter small. In this case, the constraints from the wino search can be easily avoided and the muon g − 2 anomaly is explained at 1σ level. The fine-tuning to explain the EWSB scale can be taken among the soft SUSY breaking mass parameters. In this case, the µ-parameter is expected to be as small as ∼100 GeV and consequently the light higgsino can be produced at the International Linear Collider experiment. We also show that there are consistent solutions where the Higgs B-term vanishes at the messenger scale, that is, no additional mechanism to generate the B-term is required.
